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I.  THE  UN  MOLECULAR  REACTIONS  OF  NITROALKANES 
A.  Introduction 

Since  the  unambiguous  assignment  of  a  primary  step  of 
any  decomposition  process  relies  upon  the  direct  observation 
of  the  primary  decomposition  products,  vie  have  concentrated 
our  efforts  over  the  past  eight  months  in  this  area.  For 
the  case  of  the  unimolecular  decomposition  of  simple  nitro- 
alkancs  (e.g.,  1-  and  2-nitropropane) ,  this  means  direct 
detection  of  the  possible  primary  decomposition  products 
HONO  and  N02. 

The  laser  induced  fluorescence  (LIE)  spectrum  of  NO^ 
has  been  well  studied  over  the  past  decade  and  multiphoton 
ionization  (MPI)  signatures  have  recently  boon  reported. 

In  contrast,  HONO  is  a  very  elusive  small  molecule.  The 
inability  to  prepare  this  molecule  in  a  pure  state  has,  to 
date,  limited  spectroscopic  studies.  With  the  obvious 
interferences  associated  with  detection  by  absorption  and 
mass  spectroscopy,  efforts  to  detect  HONO  have  focused  on 
the  techniques  of  LIF  and  MPI.  Such  studies  are  further 
complicated  due  to  Ihe  photolysis  of  nitrous  acid  below 


400  nm  (the  region  of  Lhe  only  known  electronic,  absorption)  : 


2 


IIONO  +  hv  (X  <  400nm)  ->  OH  +  HO  (1) 

A  scheme  to  directly  detect  nitrous  acid  might  therefore 
require  the  detection  of  these  photodissociation  fragments. 
Such  studies  are  feasible  using  a  single  laser  pulse  as 
illustrated  below  in  the  study  of  photodissociation  of 
Progress  in  detecting  HONO  using  these  techniques  is 
summarized  below. 
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B .  Multipl  ioton  T  on  i  x  at)  on  Do  to  c  1 1  on  of  Photodj  ssoc  j  ati  on 
Fragments :  NO  from  NO^ 

G.  Radhakrishnan,  D.  Ng ,  and  R.  C.  Estlcr 


The  photodissociation  of  NO^  to  the  electronic  ground 
state  species,  NO  and  0,  has  been  the  subject  of  several 
investigations.  The  majority  of  these  studies  have  indicated 
a  dissociation  mechanism  where  excess  energy  is  distributed 
statistically  among  product  degrees  of  freedom.  Recently, 
Zacharies  et  al.  have  monitored  the  337  nm  (N^  laser) 
photodissociation  by  one-photon  LJF.  They  have  concluded 
that  the  decay  process  is  nonstatistical  in  both  the 
rotational  and  vibrational  degrees  of  freedom  of  product  NO. 
Two-photon  LJF  has  also  been  used  successfully  as  a  state 
selective  probe  for  NO  in  other  photodissociation  studies. 

We  have  performed  a  "one-color"  experiment  where  N02  is 
first  dissociated  and  the  resulting  NO  is  then  ionized  in  a 
multiphoton  transition.  Both  events  take  place  within  the 
same  laser  pulse  ('W  nsec)  .  The  MP1  spectrum  of  NO  produced 
in  this  experiment  clearly  illustrates  the  elevated  rotational 
temperature  of  the  NO  fragment. 

In  such  a  one-color  experiment  the  dissociating  wave¬ 
length  changes  as  the  fragment  MPI  spectrum  is  generated.  In 
the  present  case,  the  excess  energy  at  382  nm  is  vlo50  cm  ' 
and  it  varies  150  cm"'*'  over  the  wavelength  region  of  interest. 
The  internal  energy  of  NO^  also  adds  to  the  range  of  excess 
energies  available.  Jlovev' •  r ,  in  .all  cases,  only  the  v  -  O 


level  of  the  around  state 


accessible . 


The  experimental  apparatus  consists  of  a  biased  parallel 
plate  ion  cell  coupled  to  a  nitrogen  pumped  dye  laser.  The 
output  from  the  ni  trogon  pumped  (■a-10  Hu)  tunable  dye  laser 
(Molectron  DI.14P)  is  focused  into  the  ion  ceil  by  a  25  mm 
focal  length  lens.  In  the  wavelength  region  of  interest,  dye 
laser  pulses  are  ^100  jjd  and  'W  nsec  fwhm.  Ion  current 
pulses  are  first  amplified  and  then  synchronously  detected 
using  a  boxcar  integrator  (PAR  162/164).  The  data  collection 
and  dye  laser  scanning  are  microcomputer  controlled. 

The  preliminary  results  presented  here  are  intended  to 
illustrate  the  utility  of  the  MPI  technique  in  monitoring 
photodissociation  dynamics.  Figure  1  presents  the  MPI 
spectrum  of  the  6(0,0)  band  system  of  a  static  sample  of  NO, 
i.  e.  , 

NO(X2K)  2’1V  N0(C2JI)  N0+  +  e“  (2) 

and  the  NO  produced  from  the  dissociation  of  NC^,  -i.e., 

N02  N0(X2Ii)+0  25V  N0(C2II)40  NO"*  +  e“  f  0  (3) 

both  at  10  mTorr  and  298  K.  The  use  of  such  low  pressures 
minimizes  the  possibility  of  rotational  relaxation  of  the 
nascent  distribution.  The  spectra  presented  here  have  not 
been  corrected  for  dye  laser  power  variations  {^3 0‘.  over  the 
wavelength  range  of  Figure  1,  <10o  over  the  wnvel<  ngth  legion 
of  Figure  2).  The  spectrum  has  been  assigned  from  the 
absorption  studies  of  Lagerqvi  r. !  and  Mioschor  and  the  two- 
photon  absorption  experiment.-;  of  Freedman .  The  C2Ji  state  is 
nearly  Hund 1 s  case  b  (A  ^3-4  cm  ^ )  with  a  largo  A -type 
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doubling.  The  doubling,  in  addition  to  the  spin-orbit  split 
ground  state,  causes  many  of  the  rotational  branches  to 
overlap  and  makes  individual  line  intensities  difficult  to 
determine.  However,  the  obvious  rotational  excitation  of  the 
NO  fragment  shown  in  Figure  1  is  easily  seen  by  examining  the 
region  of  the  band. 

Figure  2  shows  an  expanded  spectrum  in  the  region  of  the 
2  2 

C  II  -  X  IT ,  bandliead.  The  positions  of  the  l^i'  ®21'  an(^ 

branch  lines  are  indicated.  Most  of  the  peaks  in  the  MPI 
spectrum  consist  of  two  or  three  overlaps  ' ng  lines.  However, 
some  of  the  A-doublet  components  of  the  branch  are 

resolvable.  In  comparing  the  room  temperature  NO  spectrum 
with  respect  to  the  "fragment"  NO  spectrum,  it  is  these  high 
rotational  P?1  lines  which  grow7  .in  intensity  with  respect  to 
the  lower  rotational  lines  of  the  branch.  Assuming  the 
ion  signals  are  proportional  to  the  square  of  the  laser  power 
and  a  two-photon  transition  line  strength,  the  intensities 
of  the  P2^  branch  can  be  used  to  obtain  an  estimate  cf  the 
rotational  excitation  of  the  NO  photodissociation  fragment. 
Using  the  resolvable  A-doublet  components  of  this  branch 
(for  J  =  12.5  to  18.5),  we  obtain  xx  rotational  population 
distribution  that  is  well  described  by  a  temperature  of 
1500  K.  This  compares  to  1600  K  for  high  rotational  levels 
of  several  vibrational  states  measured  by  Zacliarias  el;  al. 

To  check  the  validity  of  our  calculated  two- photon  line 
strengths,  a  similar  analysis  was  performed  on  the  room 
temperature  spectrum.  A  rotational  temperature  of  310  K  is 


indicated  verifying  the  analysis  procedure.  Clearly, 
however,  accurate  determination  of  such  distributions  awaits 
more  detailed  analysis  and  modelling  of  the  MPI  signal 
intensities.  Yet,  the  basis  for  using  MPT  as  an  internal 
state  probe  for  nitric  oxide  is  clearly  demonstrated. 

Various  excess  energies  may  be  investigated  using  this 
one-color  technique  by  tuning  the  laser  to  other  two-photon 
resonances  of  NO  where  one  photon  is  to  the  blue  of  the  MO 2 
dissociation  threshold,  e.g.,  the  6(3,0)  band  system.  These 
studies  are  currently  underway  in  our  laboratory. 


7 


Acknowledgment 

We  are  grateful  to  the  Office  of  Naval  Research  for 
support  of  this  research.  We  arc  also  indebted  to  Professor 
Ernst  Miescber  for  his  enlightening  correspondence. 


REFERENCES 


1.  G.E.  Busch  and  K.R.  Wilson,  J.  Chon.  Phys.  £_£.  (197  2) 

36  26  . 

2.  G.E.  Busch  and  K.R.  Wilson,  J.  Chem.  Phys.  52.  (1972) 

3638. 

3.  M.  Quack  and  J.  True,  Eer.  Buns.  Gee.  Phys.  Chom.  22  11975) 

469. 

4.  H.  Gacdtkc  and  J.  Troe,  Z .  Natur f or sch.  Toil  h  23.  (1970) 

789. 

5.  H.  Zacharias,  M.  Geilhaupt,  K.  Meier,  and  K.H.  We.lqe,  j. 
Chora.  Phys.  2A  (1981)  218. 

6.  M.  Asscher,  Y.  Haas,  M.P.  Roellig,  and  P.L.  Houston,  J. 

Chem.  Phys.  22  (1980)  768;  22  (1980)  5081. 

7.  T.E.  Adams,  R.J.S.  Morrison,  and  E.R.  Grant,  Rev.  Sci. 

Instrum.  £2  (1980)  141. 

8.  R.C.  Estler,  Rev.  Sci.  Instrum.  52  (1980)  1428. 

9.  A.  Lagerqvist  and  E.  Ilioscher,  Ilelv.  Phys.  Acta  21  (1958) 

221. 

10.  P.A.  Freedman,  Can.  J.  Phys.  55_  (1977)  1387. 

11.  R.  G.  Brav  and  R.  M.  Hochstr asser ,  Mole.  Phys.  2.  (1976) 

412. 


Mull  iphov.on  ionisation  spectre  of  6 (0,0)  band 
syetcr.  of  MO:  A)  pure  KO  at  10  rot or r,  298  K 
and r  E)  MO  froiii  photodissociated  KO->  at 
1  0  r.'.  T  oa',  2  9  8  K .  P  r  o  in  i  n  c  n  t  b  a  n  d  1 :  o  a  d 

positions  arc  indicated.  Spectrum  B  has  boon 
dir.  p  laced  s  1  j.  g  !i  1 1  y  fro  ra  s  p  c  c  t  r  n  in  A  f  o  r 
clarity. 

ulti  photon  .i  on  is  at  ion  spectra  of  KO  in  the 
region  of  the  b(Q,0)  P-,L  and  Q2j_ 
bandhead  posit  ions:  A)  pure*  KO  at  10  p.Toj  r 
and  298  X  and  R)  KO  from  photodi ssociotcd 
NO2  at  10  nTorr,  are  indicated.  The 
numbers  adjacent  to  the  line  positions  arc 
j-1/2.  The  spectra  have  been  nonr.nl  i  sod  .in 
such  a  manner  to  make  the  P-q  bandhead 
(not  shove)  the  same  intensity  in  both 
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C .  Detection  of  NO  f r 0111  MONO 

In  a  single  laser  experiment  identical  to  that,  described 
in  Section  l'>,  we  attempted  to  detect  iiO.'f  via  MiM  detect  j  on  of 
NO  resulting  from  the  photodi ssocj at i on  of  nitrous  acid  (equation 
1,  Section  A).  Even  though  thoi o  may  be  other  sources  of  NO 
present  (e.g.,  N02  ^  NO  +  0)  ,  unambiguous  detection  of  110N0 
is  still  possible  if  the  intern; 1  state  distribution  of  the 
resulting  NO  fragment  is  different  from  other  sources. 

Experiments  were  performed  using  equilibrium  mixtures.: 

NO  +  K02  +  H20  ?  2110N0  (-1) 

Multiphoton  ionization  spectra  of  NO  were  recorded  as 
described  previously,  but  showed  no  now  rotational  structure 
(i. c. ,  different  from  that  recorded  from  cither  NO  or  . 

Similar  experiments  using  one-  or  two-photon  L.V:'  of.  NO 
for  HOKO  detection  would  certainly  suffer  from  the  same 
sped rosc.opic  contamination  problems.  Other  sources  of  NO 
(particularly  using  equilibrium  mixtures)  will  mask  the  NO 
resulting  from  the  nitrous  acid  photolysis.  For  those  reasons 
detection  of  NO  signatures  following  photodissociation  has 
been  abandoned  as  a  detection  scheme  for  IIONO. 
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D .  Dctocti  on  of  OH  f  re  t,  MONO 

Uni j  ke  nitric  oxide,  the  hydroxyl  radical  (t)je  second 
product  of  the  nitrous  acid  pliotolys.i  r: )  should  liave  a  single 
precursor,  thereby  eliminating  any  masking  effects. 

There  have  been  numerous  studios  of  the  one-photon  LIP 

O 

of  Oil,  particularly  in  the  region  of  the  A  T.  (v'  -  0)  «- 
2 

X  U  (v"  =  0)  transition,  V309  nm.  Since  this  transition  occurs 

below  the  threshold  of  the  1IONO  photolysis,  it  is  an  excellent 

candidate  for  single  frequency  laser  detection. 

The  experimental  arrangement  used  for  these  studies  is 

similar  to  that  used  in  the  HP I  studies.  A  flow  cell  is 

maintained  at  a  given  pressure  wi th  sample.  The  output  of  a 

doubled  nitrogen -pumped  dye  laser  passes  through  the  cell 

crossing  a  viewing  window.  The  fluo.vcsce.nr  >  is,  imaged  onto  the 

face  of  a  photomultiplier  tube  by  a  field-stop  Limited 
1  2 

telescope.  '  *  Photomultiplier  tube  pulses  are  processed 
identically  to  MPI  pulses  (boxcar  .integration  under  micro¬ 
computer  control) . 

Using  two  sources  for  nitrous  acid,  equilibrium  mixtures 

3 

and  a  chemical  generator,'  we  have  observed  extremely  weak 
fluorescence  signals  in  the  region  of  the  A-X  Oil  transitions. 
Since  these  signals  are  on  the  same  order  of  magnitude  as  the 
experimental  noise,  further  studies  arc  necessary  prior  to 
conclusively  assigning  these  signals  to  hydroxyl  radical.  One 
reason  for  the  weak  signals  is  the  lov;  output  power  of  the  dye 
laser  doubling  system.  Since  this  output  is  used  for  both 
dissociation  and  induced  fluorescence,  its  intensity  is  a 
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critical  parameter. 

Two  experiments  are  currently  underway  in  our  laboratory 
to  improve  the  signal-- t.o--noisc  ration  observed  so  as  to  prove/ 
disprove  Oil  detection  from  photodicsoci ated  HOMO.  First, 
simply  focusing  the  UV  beam  with  the  cell  will  increase  the 
intensity'  and  thereby'  the  probability  of  dissociation  and 
induced  fluorescence  occurring  within  the  laser  pulse.  A 
second  procedure  currently7  being  implemented  uses  part  (v25t) 
of  the  pumping  nitrogen  laser  pulse  to  dissocni  ate  the  nitrous 
acid.  This  procedure  insures  a  high  probability  of  dissoeiatior 
The  probing  beam  is  delayed  from  the  dissociating  pulse  a  few 
nanoseconds  due  to  optical  path  differences. 
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E.  Pyrolysi  s 

The  pyrolysis  source  that  vj ill  be  used  for  the 
nitroulkano  deoempou i t ion  studies  is.  nearing  completion  and 
will  undergo  tests  shortly.  The  source  is  similar  to  the 
design  of  the  high  temperature  over,  of  Dogdigian  and  Wharton .  "*■ 
A  quarts  reactor  is  surrounded  by  a  thin-walled  (0  .25  -  0.5mm) 
stainless  stec.1  tube  and  radiantly  heated  up  to  1200°K  by 
passing  a  large  alternating  current  (300  A)  through  this 
surrounding  heater  tube.  A  water-cooled  copper  jacket  enclose 
the  entire  oven  assembly.  Residence  times  within  the  reaction 
can  be  controlled  by  flow  rate  and/or'  length  of  reactor  heated 


^P.  J.  Dagdigiun  arid  L .  War  ton,  J.  Chem.  Phys.  57, 
1487  (1972). 
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II.  GAS  PHASE  REACTIONS  OF  C2]I(X2>'.+  )  WITH  02 ,  II  AND  CH4 
STUDIED  VIA  TIME  RESOLVED  PRODUCT  EMISSIONS 


A.  M.  Ronlund,  F.  Shokoobi  ,  H.  Reis  lor,  and  C.  Wittig 


ABSTRmCj 


Wc  report  that  the  300  K  reaction  of  C^H  with  0.^  has  as 

2  ~  1  + 

one  of  its  product  channel  C.l(A'A)  +  CO^  (X  >'Lj )  By  iuon.itor.Lng 

time  resolved  CI1  (A-X )  ohem.i  lumi  iiesec.noo  following  lasc  s 

photolysis  production  of  C^H  in  the  presence  of  0^ ,  we  have 

measured  rate  coefficients  for  reactions  of  C2H  with  0 2,  H2, 

and  CH.. 
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I.  INTRODUCTION 

The  precise  identification  of  the  chemical  and  physical 
processes  which  are  germane  to  the  oxidation  of  hydrocarbon  fuels 
is  an  arduous  task,  and  for  even  the  least  complex  systems  a 
myriad  of  pathways  must  be  sorted  out  if  our  understanding  is  to 
be  predictive.  Experimental  research  has  been  instrumental  in 
providing  a  data  base  with  which  calculations  can  be  compared, 
albeit  not  as  rapidly  as  many  enthusiasts  had  hoped.  in  this 
communication,  we  present  measurements  of  rate  coefficients  for 
the  reactions  of  the  ethynyl  radical,  C2H,  with  0 2,  H2,  and 
CH^.  This  is  part  of  an  ongoing  research  effort  in  which 
elementary  kinetic  processes  of  small  carbonaceous  gas  phase  free 
radicals  are  studied  by  laser  kinetic  spectroscopy, ~  in  order  to 
understand  certain  combustion  processes  in  as  much  detail  as 
possible. 

C2H  is  an  extremely  important  species  in  combustion 
environments,  as  it  contributes  to  soot  formation,  and  can 
undergo  a  number  of  interesting  reactions  with  hydrocarbons.  C2H 
is  also  abundant  in  interstellar  sp'ace.5  The  most  detailed 
spectroscopic  information  derives  from  ESR  measurements  on  C2H 
trapped  in  a  4  K  Ar  matrix.4  Measurements  of  ir  spectra  have 
resulted  in  tentative  assignments,5^  but  to  date  no  electronic 
states  of  C2H  have  been  positively  identified. 4  Despite  its 
importance,  only  a  few  measurements  of  absolute  rate  coefficients 
and  of  reactions  with  oxidizing  agents  have  been  r eper t ed,^ in 
part  due  to  the  lack  of  a  suitable  means  by  which  C2H  can  be 
prepared  and  monitored  in  well  controlled  environments. 

In  separate  experiments,  we  have  searched,  with  high  sensi- 
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myriad  of  pathways  must  be  sorted  out  if  our  understanding  is  to 
be  predictive.  Experimental  research  has  been  instrumental  in 
providing  a  data  base  with  which  calculations  can  be  compared, 
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communication,  we  present  measurements  of  rale  coefficients  for 
the  reactions  of  the  ethynyl  radical,  C2H,  with  C>2 ,  H2,  and 
CH^.  This  is  part  of  an  ongoing  research  effort  in  which 
elementary  kinetic  processes  of  small  carbonaceous  gas  phase  free 
radicals  are  studied  by  laser  kinetic  spectroscopy,  in  order  to 
understand  certain  combustion  processes  in  as  much  detail  as 
possible . 

C2H  is  an  extremely  important  species  in  combustion 
environments,  as  it  contributes  to  soot  formation, ^  and  can 
undergo  a  number  of  interesting  reactions  with  hydrocarbons.  C2H 
is  also  abundant  in  interstellar  space. ^  The  most  detailed 
spectroscopic  information  derives  from  ESR  measurements  on  C2H 
trapped  in  a  4  K  Ar  matrix. ^  Measurements  of  ir  spectra  have 
resulted  in  tentative  assignments,^'^  but  to  date  no  electronic 
states  of  C2H  have  been  positively  identified.^  Despite  its 
importance,  only  a  few  measurements  of  absolute  rate  coef f ic j onus 
and  of  reactions  with  oxidizing  agents  have  been  reperied,^'®  in 
part  due  to  the  lack  of  a  suitable  means,  by  which  C2!!  can  be 
prepared  and  monitored  in  well  controlled  environments. 

In  separate  experiments,  we  have  searched,  with  high  sensi- 
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tivity,  for  C 2II  absorptions  in  the  region  220  -  700  run,  and  found 
none.  This  van  done  by  photo.lyx.ing  CyJ'  pi  cc  nr  sots  at  193  nv, 
while  measuring  absorption  spectra  with  a  standard  "probe  flash" 
and  grating  spectrometer.  Having  found  no  absorptions,  we 
proceeded  to  investigate  in  greater  detail  the  CH(/WJ)  chemi- 
1  ujr.inoscor.ce  observed  previously  in  our  laboratory  following  ir 
multiple  photon  dissociation  (KPP)  of  and  several  al hence 

in  t  he  presence  of  0-;.  9  It  was  suggested  that  the  reaction: 


c7Fi  (x2z  ’ )  +  o9  (x3  r.~)  -1—  c.H  Ur  a  )  +  cfMx1.'/' ) 


Ail  =- 1-5.-.1  tea 3  mol' 


may  be  re.  spans  j  bl  0  f  or  the  CH  ehc:  i  lu:..i  sconce,  but  this 

was  not  the  main  focus  of  those  carl?  or  experiments,  and  no 


effort  was  made  to  resolve  the  issue  at  that  time. 


As  a  gorier-:  1  practice,  it  is-  undc-si  r^.-ie  to  study  reaction 
kinetics  by  ir.oni  Loi.  i  ng  only  product  emissions.  Clearly,  it  is  r  g_uf 
desirable  to  mot* ;  tor  spc.  ct  rfscop:  c ;  tly  the  removal  of  the  reactant 
species  of  concern.  In  flic  case  of  C 2 -r i ,  where  there  is  no  absorption, 
in  the  region  220  -  700  mn,  our  inebility  to  spectroscopically  monitor 
this  species  di rectly  has  caused  us  to  go  to  great  lengths  to  insure 
that  species  other  than  C2H  do  not  play  a  role  in  our  experiments. 

Observation  of  time  resolved  CH  (£--.X)  chemiluminescence  from 


reaction  (1)  allows  us  to  determine  rate  coef f i ci envs  for  the  1  emoval 
of  C2  H  (a  t. 4)  by  a  variety  of  species.  Here,  wc  report  rate 
coefficients  for  C^H  removal  by  O-^,  F 1 2  nnd  CH4.  Those  reactants  are 
representative  of  larger  classes  of  species  which  are  currently  being 
studied  in  our  laboratory  and  will  be  reported  in  subsequent  publicatie 
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II.  EXPERIMENTAL 

In  the  present  experiments,  we  rely  on  the  time  received 
detection  of  chemii uminoscent  products  in  order  to  monitor  reac¬ 
tion.  C2 H  precursors  are  photodissociaticd  in  a  fluorescence 
chamber  using  either  the  unfocused  output  from  an  hi  r  oxcimer 
laser  at  193  nm  (Lumonics,  TE  201-2  or  Til  8515-2)  or  the  focused 
output  from  a  CC>2  TEA  laser  (Trchisto  215G).  CH(2}-;X)  chemi¬ 

luminescence  is  detected  at  right  angles  to  the  photolysis  beam 
with  a  photomultiplier  tube  (PMT)  whose  output  is  processed  by  a 
transient  digitizer /signal  averager  combination  with  a  minimum 
gate  width  of  10  ns.  In  time  resolved  measurements,  a  narrow 
bandpass  interference  filter  centered  at  <132.6  nm  (7  nm  fwhr.)  is 


used  to  isolate  the  CI1  (&-£.)  emission.  Typically,  results  from 
16-64  laser  firings  are  averaged  for  each  datum.  Cbomi luminescence 


spectra  are  obtained  using 


0.25  m  Par r el  1-Ash  mor.ocliromc.tor. 


The  spectra  arc  obtained  point-by-point  (0.2  nm  increments,  0.4  nm 
resolution)  and  time  integrated  signals  from  64  laser  firings 
are  averaged  at  each  wovelengi.li  setting. 

CC>2  ir  chemiluminescence  (Av-j  =  l)  is  monitored  at  right 
angles  to  the  photolysis  beam  with  an  inSb  detector  (Specti oni cs, 
photovoltaic,  77  K,  1,2  cm^).  A  narrow  bandpass  interference- 
filter  centered  at  2300  cin"^  (120  cm‘^  fwhm)  is  used  to  isolate  a 


part  of  the  CC»2  Av^-l  emission.  Signals  from  the  detector  arc 
amplified  and  processed  with  the  transient  digitize} /signal 
averager  combination.  Typically,  results  from  64  laser  firings 
are  averaged  for  each  datum. 


The  measured  rate  coefficients  should  not  depend  or.  the  C 


precursor,  and  to  insure  that  this  is  true,  we  have  used  a  number 
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of  different  precursor  molecules  in  our  experiment?;.  C2H2, 

C2Il»r,  and  C2HC.H0  were  all  dissociated  wii.li  the  unfocused  If 3  urn 
output  from  the  ArF  laser  (<25  mJ  cm~^).  C2HCH0  was  also 
dissociated  with  the  focused  output  from  the  C02  TEA  1  ••'.ter  tuned 
to  the  (001)  —  (100)  P { 1 0 )  transition  at  353  cm-'1,  which  overlaps 
the  maximum  in  the  R-brr  nch  of  the  (C-C  stretch)  v.i  !;>ra ti  on  of 
c2hcho.10 

C2Hhir  was  prepared  by  dehydr  ol -t  oro  inn  lion  of  ]  ,2-dibi  o:,uw  t  hyi  eric¬ 
as  per  ref.  11;  C2HCHO  vac  prepared  as  per  ref.  12.  Hoidi  of  those, 
as  well  as  C2!:2  (Ail  co) ,  were  purified  by  repealed  trap-lo-fi,;' 
distillations.  Sample  purities  were  confirmed  by  co:  pari.no  Muir 
ir  syoeti  •  to  published  spectra.3  Sample:,  were  subjected  to 
frecre-pui  p  '  haw  cycle*.-  just  prior  to  use.  P2  </.■'.) .  53i<-;  )  , 

Ar  (53. .9301)  ,  He  ( 9  9 . 9  5  31  )  ,  Ho  (99 .fO'u )  ,  mri  C!  ,;(9!>.9^  !  vt  i  e 
used  without  further  pur if j cation. 

In  a  typical  expar  5  •  ent,  a  premixed  sample  containing  the 
c:2ll  p: .(■curse-,  02;  Rnd  At  or  He  diluent  is  passed  slowly 
through  the  fluorescence  chamber.  Sufficient  02  is  present  to 
insure  sensibly  first  order  kiiuti.es.  Constituent  pressures  arc 
typically  1-6  mTorr  of  the  C2H  precursor,  20  -  400  nfi'orr  C>2,  and 
Ar  or  He  added  to  give  total  pressures  of  200  -  800  mTorr. 
Observation  times  for  the  CH  (/)->:)  signals  arc  typically  15  -  30  ps, 
while  under  the  experiment.  !  condi  {.ions  wherein  C02  A  v^-l 
emission  is  monitored,  the  c-mission  persists  for  -1  me,  with 
signal  rise-times  of  25  -  100  vs. 
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III.  RESULTS 

£h o,T.i  1  •  i m i n g s r encg  s.pj; c  1 era 

Since  we  arc  monitoring  reactions  via  chcmil uminsc-cc -nee,  it 
is  imperative  that  wo  establish  unambiguously  the  identity  of  the 
emitting  species.  Figure  1  shows  a  spectrum  obtained  when  CoH2 
is  dissocial  ied  in  the  presence  oi  02.  It  corresponds  to  the 
well  known  h~L  emission  spectrum  of  C» ,  *  2  showing  vibrational 
excitation  to  v'--2.  The  0,0  and  1,1  bands  overlap  each  other 
and  are  not  resolved  in  our  spectrum.  The  broad  features 
appearing  at  <33  -  436  nm  are  due  to  contributions  from  the  Q-brano 
heads  of  the  2,2  band,  as  veil  as  from  l— branch  lines  of  the 
vibrational  band  systems.  Emission  to  the  short  wavelength 
sic:  of  the  main  peak  is  dr-,  to  high  ro;  a  l  ion-1  levels  of  the  0,0 
and  1,1  bands.  Such  clearly  identifiable  Cl! ( t-X )  emission 
spectra  wore  obtained  for  all  C2U  precursor  molecules  used  in  our 
experiments.  Vie  defer  to  a  future  publication  any  detailed 
analyser-  of  the  spectra.  Here  wo  are  primarily  concerned  with 
the  positive  identification  of  the  emission  which  we  will  use  to 
monitor  the  reaction. 

Reaction  k_ine.tr  ’  t-S. 

Reaction  (1)  is  but  a  single  channel  cf  the  overall  reaction 
of  C2H  with  O 2: 


C2H(v2Zh  )  +  02( 


yd 


—  products 


(2) 


Product  channels  other  than  reaction  (!)  will  be  the  subject  of 
our  future  research.  In  the  present  experiments,  reaction  (1)  is 
used  in  order  to  monitor  C2H  removal,  thereby  allowing  us  to 
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measure  rate  coefficients  for  the  overall  rce.ot.ions  of  C-,H  with 
added  revcier.. 

A  typical  tine  resolved  CH  (/'••>')  i  .  :  is:- inn  si  qua]  i:  shown 
in  fig.  2.  The  decay  portion  is  easily  fit  to  a  r.ingie 
exponential,  fro:r.  which  reaction  rat.  coefficients  for  the 
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.-1  .  _~i  , 

•»  'r  1  /■>  ,  . 
LOO  {!'■'■ 


where  [C2TI]  g  i  s  the  initial  C-H  concent  ration,  k  is  the  r  a  to 
coefficient,  for  the  reaction  of  C2H  with  its  precursor,  t  is 
the  CH(A-.X)  radiative  rate  -•  1.9  x  10^  and  1Q,1p  i  ?■  the 

combined  rate  of  quenching  and  diffusion  of  CH (A) .  The  first 
exponential  term  .in  the  brackets  represents  the  decay  portion  of 
the  tine  rcsc.’.ve.i  emission.  Thus,  k0  i.  obtain-.  d  f  r  c  a  i.d  ot  of 

4-  * 

the  signal  dec. ay  rote  versus  [ 02 1  <  and  such  clc  t  <-  arc  shown  in 
fiq.  3.  It  is  clear  from  fig.  3  that  !  ■,  i  r  the  sure  for  the 
various  C2U  p’oe-w-ors. 

It  i  s  a  ]  s  o  po  r  r  i  ble  to  dr  t  c  r  r.  i  n  e  k  •>  by  m  o  n  i  t  o  r  i  n  g  CO i  r 
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IV.  DISCUSSION 

It  ir.  a  bit.  f  i  art :  a  t  j  ng  to  J  •_  ur, .. '  .1  •  i  u  m  or.  t.  «‘>r  C  5! 
optically,  since  its  i  e-oel  cot  iron:  c  c:  unU-i  p.  ;  f,  CN,  is 
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can  par  tie  ipatc  in  sura;  iontly  cxoc-i.gr!  c  re-actions  to  account  for 


the  production  of  Cli  (A) .  Mechanisms  invoking  reactions  between 
two  photof ragrr.ents  are  inconsistent  with  the  data  shown  in  figs. 

3  and  4,  and  consecutive  reactions  can  likewise  be  eliminated 
(e.g.,  by  inspection  of  the  rise  of  the  CH  (A)  signals).  The  fact 
that  Loth  Cli  (/:,)  and  C0w  appor  r  with  the  same  i  at e  inch  e-at  >.-s  fli.it 
they  arc  pr-r  ducts  of  the  so i.i c.-  reaction,  h’c  arc  aware  that  uv 
dissociation  using  exei  -r  .lasers  may,  under  c.  t  fain  e  nditio.-s, 
be  quit  severe,  and  CH (A)  has  been  observed  as  a  nascent  photo¬ 
product  in  the  dissociation  of  ('2^2  C:r'  a  two~pno1  on  product  even 


using  an  unfocused  7,rF  laser. 


2  2 


We  check  c  d  for  the  possibility 


of  this  :  rul  other  two- photon  processes  (c.g.,  by  looting  for  C2 
via  LIP)  end  sow  no  evi  donee  of  such  processor,  at  the  lor 
fluence:  employed  here.  The  only  5  deli tionn.1  species  worth 
consideration  is  the  If  H  state  of  C-f:  which  .has  bee  r  cal «  minted 


to  be  at  fairly  lov  energy,  but  still  separated  by  >20  !  cal  wo 3 
from  the  ground  state. ^  ^  ’  ■*  y  While  this  stci  a  n.ay  be  formed  in 
the  uv  photo]  y  si of  the  pM  cursor  r-o.l.f  cel  nc,  it  is  highly 
unlike''  y  i  hat  it  would  be  accessed  vie  j  r  MFD  photoly.  is.  1,’e 
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therefore  feel  justified  in  ntglectin.;  this  species  as  a 
significant,  contributor  in  the  obse-ved  reactions. 

The  reaction  of  C  2  H  v;  i  fh  C'2  we\  begin  v  ith  tic  overlap  of 
flit  C^H  unpaired  r  electron  and  an  unpaired  '■  electron,  centered 
on  eiti).!  c.-yc. ou.  This  could  be  fol  loc  d  by  rear  r  :  ngowenl  r 
to  the  d  •  r.f  i  rent  :  "arm  i  f  1  on  slat.  os.  being  a  per  ony  radio  •  1,  the 


OnC-y;  c.v 
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a  sons! 
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a ; ;  d  'l  ) :  0 

; : '  s  0  c  i  a  t  c-  d 
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f  ae i 1 1 1 : 1 

•  the  r  c  a  1  langcmr  u. 

i  s  r  eg 

1  u  i  r  e  ci  £  0  <:  c?  j 

1. :  c.  r  on  L 

p;  ccacl 

channels,  in  this  regard,  mc-asur ements  of  other  exothermic 
product  channels  (e.g.,  CO  +  CHO,  C2O  +  OH,  CH  (X)  +  CO2)  v.’ill  be 
most  illuminating.  We  are  currently  studying  the  various  product 
channels  in  more  detail,  and  further  discussion  of  the  mechanism 
of  tiie  C-yl  v  0)  react. lor.  v j  1 1  be  presented  in  a  later 
pubi  ic'’  Lion . 


We  concentrate  here  on  a  discussion  of  the  rates  of  the 
reactions,  which  vc  measured.  Very  little  is  known  about  the 
reactivity  of  CjH,  although  rcJ 1  vc  rat.es  for  reaction  with 
various  hydiocaibons  have  been  reported,  2~) r2^.  The  only  other 
absolute  rate  coefficients  of  which  we  are  aware  have  been 
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n 

measured  by  Lange  and  Wagner'  for  U2,  02  and  C21:2,  and  by  Laufor 
and  bass*'  for  H2  and  C2H2.  Both  of  these  stuaLes  employed 
detection  technique:,  which  are  not  part icnlarls  suited  f or 


monitoring  fast  reaction;.  They  obtained  rate  coeff  i  cient 
are  slower  than  those  which-  v;c  have  m>' !t  bet  U-c.r  <• 
time  resale*  ion  allows  us  to  obtain  roi  in. Ml  dm ta  at  very 
times  (see  fig.  2),  ve  fee]  our  expo  i  me  .La!  Kahn  by; 
suitable  for  study  i  eg  fast  reactions.  Clearly,  C?H  is  a  h.i 


v h  i  c ! , 


a ! :  o  r  t 


,  r 


reactive  species  and  is  an  i 


taut  constituent  in  coed  u::-t ion 


proccs  ser. 

.  For  c: 

Kami  pic,  the 

Cli (L~Z.)  emission  ' 

hi  oh  i  s 

character 

i. s f  i  c  of 

Wc2  f! 

o  c 

a. c-s ,  and  is  thou 

eh.  t  to  d  :  i  v 

the  r  er  c t 

1 on  of  C 

2  with  Of!.. 

me  y  be  due  in  large 

part,  to  the 

r cacti  on 

of  C2r.  v: 

i  1  li  0  -.. 

The 

ca r 1 i or 

studies  of 

C0H,/"'>,2/'1  which  j  el 

led  on  the 

cli-  r.r  j  c;  \ 

techniq 

lie:,  of  prod 

act.  analyr  <  s  and  u. 

ulcal  reaveng 

i  ndi  i\  tc 

that  C'!i 

reacts  •ail: 

li  alkanes  by  H-ato. 

:  ah?  1. 1  aci  :i  Oil. 

reaction 

pathways 

for  C2F.  w :i 

th  n2  and  CH4  arc  1 

h  u  n : 

c2in>:2  x4)  +  ii',i  (yJ'Z g ) — -  c2n2(x:,hg)  +  ii(2sg)  m 

LH°  -21  kcal  mol--'- 


C2H(X2r'  )  +  Co  ,  {.X1 


C2^2  •  cj )  dlU  (>i20 

-23  kcal  mol-'1 


(M 


Both  reactions  are  exothermic  and  allowed  by  state  correlate  on. 
Since  C2I1  is  a  a-  free  radical,  it  should  readily  accept  transfer 
of  an  Ih-atom  ,1s  electron.  This,  is  indeed  indicated  by  the  fast 


reaction  rates  measured 


For  example,  C2H  is  more  reactive  then 
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C'>(X1E'<)  which  is  a  closed  shell  species.26  C2H  is  also 
significantly  more  reactive  than  C2(n3Hu)  which  is  apparcntly 
nomeactivc  with  H2,  and  reacts  only  slowly  (k<10-36  cm3  molec-3  s-^) 
with  CH4.27 

The  results  we  have  presented  here  comprise  <  wily  preliminary 
investigations,  and  studies  of  C2H  reactions  may  now  proceed  in. 
several  directions.  We  have  recently  extended  our  experiments  to 
include  additional  C2H  sources,  (o.g.,  CF2C2H)  and  we  have  also 
identified  at  least  one  other  pathway  for  reaction  (1):  the 

■3  i 

formation  of  CO(a '  I  )  at  a  rate  v.’hich  is  in  agreement  with 
those  presented  here.  W c  feel  these  recent  results  further 
strengthen  the  arguments  presented  here  in  identifying  C2H  as  the 
reactant  species,  and  the  results  of  these  experiments  will  be 
presented  in  future  publications.  Also,  using  reaction  (1),  it 
will  be  straightforward  to  determine  reaction  rate  coefficients 
for  several  species  of  interest  in  combustion.  This  is 
particularly  necessary  since  these  preliminary  results  show  C2H 
to  be  very  reactive.  Detailed  studies  of  product  branching 
ratios  and  of  reaction  mechanisms  should  also  prove  very 
illuminating,  and  such  experiments  are  currently  being  pursued  in 
our  laboratory. 
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TABLE  I 


Precursors  and  emissions  used  in  measuring  the  rate  coefficient, 
for  the  reaction  of  C2H(Z.2E  +  >  with  0 2^  Eg)  • 


.  k 

precursor  photolysis  emission  ^2 

source  monitored  (units  of  10  ^crrniolec-^  *) 


c2h2 

193  nra 

CH  (h-V 

2 . 0  i  0 . 3 

193  nm 

C02  (Av3=.l) 

1.8?- 0.5 

C2HBr 

193  nm 

CM (A-X> 

2 . 2i 0 . 3 

c2hcho 

193  nm 

CH (A-£> 

2.1? 0.2 

193  nm 

C02(Av3-l) 

1.9:  0.-'. 

ir  MPD 

CH(A~£> 

2. 2/0. 5 

CpHgCl.3 

ir  MPD 

CH (A-X) 

2 . 5?  0 . 2 

afrom  ref.  9.  C2H  is  formed  via  sequential  photolyses;  the 
immediate  precursor  is  C2HCN. 
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FIGURE 

Fig .  1 


Fig.  2 


Fig.  3 


Fig .  4 


CAPTIONS 

CH  A  n)  chemiluminescence  spectrum  that  results 
from  the  reaction  of  C2H  with  O2.  This  spectrum  was 
taken  with  60  mTorr  C2H2  and  540  mTorr  O^i  photolyzed 
at  193  nm.  The  monochromator  was  scanned  in  0.2  mn 
steps  with  0.4  nm  resolution. 

Time  resolved  CII(A~X)  chemiluminescence  signal  following 
193  nm  laser  photolysis  of  6  mTorr  C2H2  in  the  presence 
of  300  mTorr  O2  and  300  mTorr  He.  Fluorescence  was 
observed  through  an  interference  filter  centered  at 
422.6  nm.  The  curve  was  obtained  by  averaging  results 
from  32  laser  firings.  The  initial  spike  is  due  to 
window  fluorescence. 

The  decay  rate  of  CH(A-X)  emission  from  reaction  (1) 
vs  02  pressure.  C2H  was  generated  by  :  Q  C2HCHO 
photolysis  at  193  nm;  £  C2H2  photolysis  at  193  nm; 

□  C2HDr  photolysis  at  193  nm;  O  CjJICHO  dissociated  by 
ir  MPD. 

The  decay  rate  of  CH  (A-};.)  emission  from  reaction  (1) 
vs  pressure  of  added  reagents:  (;  H2.-  &  CH4.  C?H 
was  generated  by  photolysis  of  C -)!]-,  at  193  nm.  The 

4.  a. 

intercepts  include  contributions  duo  to  quenching, 
diffusion,  reaction  with  O2 r  and  radiative  decay. 


